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shaft, two fixed electromagnetic pick-up 
devices each located adjacent the cylindrical 
surface of a different one of the elements a 
signal channel from each pick-up device 
arranged to derive from picked-up signals, 
square waves of substantially constant ampli- 
tude but having a frequency and phase the 
same as those of the picked-up signal, and a 
comparison device arranged to compare lihe 
square waves from the two channels to pro- 
vide a measure of the torque transmitted by 
the shaft. 

There may be a generator driven from the 
shaft for generating a signal for permenently 
magnetising the elements. Such a generator 
enables the magnetisable surfaces to be 
magnetised in a manner which takes account 
of slight deflections of the shaft during rota- 
tion. 

The generator or other magnetising appara- 
tus may be arranged to magnetise both the 
elements according to a similar pre-deter- 
mined pattern. It is then simple to obtain a 
measure of the torque transmitted by com- 
paring the two signals picked up from the 
two elements. 

It is preferred that the or each magnetis- 
able element is in the form of a strip layer or 
[Priced 
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wmo-u -uue^-Dwo signal cnanneis are comiectei 
and across the other two comers of whic) 
the compwison device is connected. 

It will be appreciated that the output o 
the comparison device, which is a measup 
of the torque transmitted, can be used ti 
control the rotation of the shaft, for exampl 
its speed or the load on it. 

The invention includes a multiple torque 
■meter sensitive to the torsonal twist in tw< 
different portions in a rotating member am 
comprisiiMf two torquemeters each as olaimec 
in any of the preceding claims, one of th- 
magnetised elements being common to boti 
the torquementers. 

The invention may be carried into practio 
in a number of waj-s but two specific embodi 
ments are sho%m. largely diagrammaticallv 
by way of example in the acoompanyim 
drawings in which : — 

Figure 1 sho^vs one form of the invention 
and 

Figure 2 shows a modification of tht 
arrangement shown in Figure I, 

In the form of the inventiop shown it 
Figure 1, the rotatable member comprises i 
shaft 11 which is provided with a torsioi 
meter according to the invention. Tw( 
spaced support membera, each in the form o: 
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We, The De Hayh.t.anp Engine Com- 
pany Limited, a Company registered under 
the laws of Great Britain, Lieavesden, Hert- 
fordsliire, do hereby declare the invention, 
5 for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement : — 
This invention relates to torquemeters. 

10 According to the present invention a 
torquemeter comprises a shaft carrying two 
axiaUy- spaced elements each with a magnet- 
isable cylindrical surface concentric -with the 
shaft, two fixed electromagnetic pick-up 

15 devices each located adjacent the cylindrical 
surface of a different one of the elements a 
signal channel from each pick-up device 
arranged to derive from picked-up signals, 
square waves of substantially constant ampli- 

20 tude but having a frequency and phase the 
same as those of the picked-up signal, and a 
comparison device arranged to compare the 
square waves from the two channds to pro- 
vide a measure of the torque transmitted by 

25 the shaft. 

There may be a generator driven from the 
shaft for generating a signal for permenently 
magnetising the elements. Such a generator 
enables the magnetisable surfaces to be 

30 magnetised in a manner which takes account 
of slight deflections of the shaft during rota- 
tion. 

The generator or other magnetising appara- 
tus may be arranged to magnetise both the 

35 elements according to a similar pre-deter- 
mined pattern. It is then simple to obtain a 
measure of the torque transmitted by com- 
paring the two signals picked up from the 
two elements. 

40 It is preferred that the or each magnetis- 
able element is in the form of a strip layer or 

[Price /— 



wire of a magnetisable material or possibly 
is in the form of a sprayed on layer on the 
shaft or on a support carried by the shaft. 

However, a part of the shaft may be of 
magnetisable material, and then each element 
may be magnetically insulated from that part 
of the shaft. 

A feature of the invention is the com- 
parison device by means of which the two 
picked up signals are compared. In one form 
of the invention this comprises a bridge net- 
work of impedances to opposite comers of 
which the two signal channels are connected 
and across the other two comers of whidi 
the comparison device is connected. 

It will be appreciated that the output of 
the comparison device, which is a measure 
of the torque transmitted, can be used to 
control the rotation of the shaft, for example 
its speed or the load on it. 

The invention includes a multiple torque- 
meter sensitive to the torsonal t^vist in two 
different portions in a rotating member and 
comprising two torquemeters each as claimed 
in any of the preceding claims, one of the 
magnetised elements beuxg common to both 
the torquementers. 

The invention may be carried into practice 
in a number of ways but two specific embodi- 
ments are shown, largely diagrammatically, 
by way of example in the accompanying 
dra%vings in which : — 

Figure 1 shows one form of the invention ; 
and 

Figure 2 shows a modification of the 
arrangement shown in Figwe 1. 

In the form of the invention shown in 
Figure I, the rotatable member comprises a 
shaft 11 which is provided with a torsion 
meter according to the invention. Two 
spaced support members, each in the form of 
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an annular aluminium drum 12 and 13, are 
mounted co-a^^^ upon the shaft 11. 
The drum^^hd 13 may be mtegral \\ith 

the shaft or may be secured to the shaft in 

5 any convenient manner, for example by 
means of splines or dowel pins, and in such 
a way that they constitute part of the rotat- 
able member and rotate therewith. 
The curved peripheral surface of each 

10 drum 12 or 13 carries an annular magnetisable 
member 14, in the form of a strip, a layer, or 
a Tdre, of magnetisable material. The mat- 
erial in question may be a ferro-magnetic 
metal, a suitably impregnated plastic strip, 

15 a sintered magnetic oxide material, or any 
other suitable magnetisable material. 

Two similar sensitive heads 15, 16 each 
comprising a combined electromagnetic pick- 
up device and electromagnetic magnetising 

20 and erasing head and being in the form of a 
single coil unit having a pair of termmals, are 
fixed adjacent the curved sxufaces of the 
respective drums to co-operate wth the 
respective magnetisable elements. 

25 The electrical connections to the terminals 
of the sensitive heads 15, 16 are controlled by 
a seven-contact electric s-wdtch 17, each con- 
tact being of the on-ofP type, and four of the 
contacts being normally closed while three 

30 of the contacts are normally open. 

Thus what may be termed the negative 
terminal of one of the sensitive heads 15 is 
connected through one of the normally closed 
contacts 18 of the electric switch 17 to earth, 

35 while the positive terminal of the other sensi- 
tive head 16 is similarly connected to earth 
through another normally closed contact 19 
of the electric switch. The positive termmal 
of the sensitive head 15 is connected, through 

40 another normally closed contact 21 of the 
electric switch, to the input of a gain-stable 
amplifier 22 the output of whidi is connected 
to the input of an amplitude limiter 23. 
The output of the amplitude limiter 23 is 

45 connected to the input of a ring-of-three gain- 
stable amplifying unit 24 comprising an 
ampli6er the last stage of which is a cathode- 
follower circuit, and a negative-feedback 
circuit inter-conneoting the input and the 

60 output of the amplifying unit. 

The output of the amphfying unit 24 is 
connected on the one hand through a resistor 
25 to earth, and on the other hand through a 
second resistor 26 to a common point which 
65 is connected to one terminal of an alternating- 
current electrical meter 27 the other terminal 
of which is connected to earth, the termmaJs 
of the electrical meter being shunted by a 
further resistor 28. 
60 The negative terminal of the other sensitive 
head 16 is connected, through , another nor- 
mally closed contact 29 of the electric switch 
17 to a circuit containing similar elements 
22' 23, 24, 25, 26 to those associated vnth the 
65 first head. 



The positive terminal of the first sensitive 
head 15 is 8j#^nnected. through a normally 
open contal^Bof the electric switch, to one 
of the two oti^ut terminals of a generator 32 
coupled to the shaft 11 the other output 70 
terminal of which is connected, tbrough an- 
other normally open contact 33 of the electric 
switch, to the negative terminal of the other 
sensitive head 16. Further, the negative 
terminal of the first sensitive head 15 is con- /o 
nected to the positive terminal of the other 
sensitive head 16, through the third normally 
open contact 34 of the electrical switch 17. 

The generator 32 may be arranged to 
provide suitable electrical signals of any 80 
suitable shape or wave form, but preferably 
the electrical signals are sinusoidal oscilla- 
tions. 

The operation of the device is as follows. 
After the drums 12 and 13 have been mounted 85 
upon the shaft 11, and after the magnet- 
isable elements 14 have been secured to the 
drums, the electric switch 17 is operated and 
each of the magnetisable elements is mag- 
netised by means of the sensitive heads 15 90 
and 16 (acting as magnetising heads) and by 
use of the generator 32. Care is taken to 
ensure that each of the magnetisable elements 
is similarly magnetised (in the present 
example the sensitive heads are connected w 
in series for this purpose, but they may alter- 
natively be connected in parallel), the coup- 
Img of the generator 32 to the rotatable 
member 11 ensuring that the magnetisation 
of each magnetisable element vanes m the 100 
same way as does the electrical output of the 
generator, irrespective of the manner in which 
the angular position of the shaft is varied 
during magnetisation. 

The intensity of the magnetisation of each 105 
of the magnetisable elements 14 will vary 
periodically and sinusoidally around the 
periphery of the drum concerned, that is to 
say the intensity of magnetisation will vaiy 
lengthwise of each of the magnetisable 110 
elements from zero to a maximum value m 
one sense, and mil then return to zero, reach 
a maximum value in the opposite sense, and 
TriU then again return to zero, and so on as 
indicated diagrammatically by the line 36. 115 
The two "senses" of magnetisation just 
referred to are distinguished by the fact that 
in one case the magnetisation may be re- 
garded as an aUgnment, peripherally of the 
drum, of elementary magnets having their 120 
North-South axes pointing in the dwection 
of rotation of the drum, whUe in the other 
case the elementary magnets have the re- 
verse orientation. 

When the magnetisable elements have 125 
been so magnetised, and when the electric 
switch 17 has been returned to its nomal 
position shown in Figure 1, a corresponding 
Snusoidal electrical output signal mil be 
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tno Miatt u rotates between the two drui^ 

It will be seen thaj^ circuit arrange- It will, of oourse.^ppreoiated that if 

, , *W*P«? «gnal« are required, the magnelK elements ram 'be 

6 fed, with relatively opposite polarities, each magnetised while the shaft is loaded- the 70 

into an individual amplifying and wave- reading of the current meter ^llTthi^ omI 

shaping circuit where it is first amplified by be determined by the different, b7tw««^ 

means of the gain-stable amplifier' 22, and torsional trristl fte^X^of tie shiS 

10 S^Lrsr^''^ ~ of the sjapUtude extending between the^wo d^ms at t!S 

10 hmiter 23 into a square wave which is then moment of measurement, and under the 75 

amphfied m ton by means of the gain- oonditions of magnetieatioA 

^t'Z'"^?;-"^*?*- 1 . Where the ge^at^rTa source of sinu. 

Wn^ .tT.,"™'*^ ^"^^ oscillations, the frequency .rf S& 

1^ «T^w ?,f """^ oscillations should be so Chosen that the 

IS seen that the aromgement is such that the indicated current of the cnrrrat meter 27 i« 80 

resultant current flowing from the common a maximum when the maSmd^^d lLd 

pomt to earth through the current meter 27 is applied to the shaft. ItwSl S. a^reS 

IS the algebraic sum of these two signals, the that the cuixent will be a m«^uS?whr^ 

res^tance 28 shunting the current meter electrical output si^T^Xe un 

^f*" adj^^^^^ devices 15. leVel^ out of ph!^a?dtiSt 85 

and the four resistors 25, 26 connected in the frequency most therefoii bTso diosen 

bndge formation between the output of the that the magnum dj^ load comsnonS 

gam-stable amplifying units 24 and, on the to a 180<" phase diiFer^c7of tLeTSS 

one hand, earth, and on the other hand, the output ai^Is. Thus thrmo«"te "hi 

25 common point, actmg as individual sensi. values of torsional twist"re ZSted to 90 
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T^. j '-I; f . ,. , . s'^ou'd be the frequency employed The 

»nIH??^?^*?**'f?'""'^' 23 is electrical apparatus shoild pWSlv Ite 

such that variations of the angular velocity designed to m>e optimum nBrfn\Tn!L^.2 Ju 

30 of roation of the shaft U will not appreciably frequency co^ncL^ed 

affect the amplitude of the output signal from Where the generator 32 is arraniffid f« 

~fPf*;'vf^'™''^!- Thus, the indicated generate wavelrms or Sapes^lh.^ 

current of the current meter 27 .vill be in- sinusoidal oscillations, for 

fff f- *h«/«''"''*y °l "'tatio'i of the forms of the Idnd Imo;^ « s3™ 

^^^n^^^i '"^^ fu of 'hat square-peaked waves, the ellSl^^ 100 

Sv whln"?^f ™ that » to resultant of the electrical^utput siZte Cm 105 

say when th» torsional twist m that portion the pick-up devices ^ 

^^^i^ between the two It will be appreciated that whereas the 

^' u effectively resultaat of the electrical outout dmTfiZ 

Thus when the shaft is rotated after the pick-up devices 15, 16 ^ deteSdbv 

^^c^Zf;"'^*^'^ H ^""^ magnitude of the iorai^ Sfa the 110 

magnetised, and imder no-load conditions, part of the shaft estendine befrJ^th^iS^ 

nhiw t. "^f 5^^" 25. 26 fnndamentally an indication of thrtSnS 

M be suitably adjusted to bring this twist the a^aratus may b/^'ca^S 

When thereafter, the shaft U is rotating ^^^otZTT^ t:^t^SZ 

under a load, so that there is a torsional twi^ twist, for example Z^^iSal couplfaS 

m the part of the shaft extending between to the shaft, the aoceWio^a ofTldi^ 

55 ^o^-Powertran^nittadbyVrs^-^l 

magnetJC signals on the two magnetised arranged to act as aa input si^ to f^^wl 

«0 -"-J therefore a corre^onding sysS shown Ta^^S^y 

60 change in the phase relationship between the arranged to control the^Med Mt«.t?™ i<)« 

electricaloutputsignalsofthepick-updevices the rotatable me^b^Tto oo^^™!^ 

15, 16. A resultant electrical current will other quantity associatedwMi ZHnt!?^ 

therefore flow through the current meter 27, and wLh is ieqnired to bTcontolledluto 

fi« ™„= magnitude of this current will be a matioally in ao^rdan<» ^^hemaL^tad; 

65 measure of the magnitude of the torsional of the t^onal twist hTCsh!^ "^^"^ ™ 
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If the rang^^the torsional twist in the 
part of the d^^stending between the two 

drums, to 'vrtl^Rhe torsion meter is to be 
sensitive, is required to be altered, then eacli 

5 of the magnetisable elements can be de- 
magnetised using the erase head and then 
suitably re-magnetised in a different manner. 

It is not essential that each magnetisable 
element 14 be in the form of a closed loop. 

10 althou^ this is convenient ; an incomplete 
loop may be used. 

In modifications of the specific embodiment 
which has been described, the magnetisable 
elements 14 may be secured to the shaft 11 

15 in any convenient manner. Thus, for ex- 
ample, provided that the axial float of the 
rotating shaft is not excessive, the magnet- 
isable elements could be in the form of 
annular discs 41 (dotted in Figure 1) secured 

20 to the sides of the drums 12 and 13. The 
magnetisable elements 14 could be secured 
directly to the outer surface of the shaft or, 
where the shaft is tubular, to the inner surface 
of the shaft. The shaft may be formed with 

25 integral bushes or the like designed to carry 
the magnetisable elements. 

In some cases the length of the shaft 11 
extending between the drums 12 and 13 may 
be inconveniently large. In such cases, one 

30 of the drums may be mdirectly mounted 
upon the shaft 11 by means of an extension 
piece, in such a way that the drums are 
•brought into suitably close proximity. Thus, 
in a modification of the invention sho\vn in 

35 Figure 2 the arrangement is generally similar 
to that of the specific embodiment described, 
but one of the drums 13 has a central dear- 
ance hole 43 through which the shaft^ 11 
extends, and is secured indirectly to the shaft 

40 by way of a sleeve 44 extending co-axiaUy 
with the shaft to a collar 45 mounted upon 
the shaft at the required effective position of 
the drum concerned. The sleeve 44 must 
•be constructed to transmit faithfully angular 

45 movements of the coUar to the drum 13. 



letising the elements on the 
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WHAT WE CLAM IS 

1. A torquemeter comprising a shaft 
carrying two axially-spaced elements each 
with a magnetisable cylindrical surface con- 

60 centric with the shaft, two fixed electro- 
magnetic pick-up devices each located 
adjacent the cylindrical surface of a diffiraent 
one of the elements, a signal channel ftom 
each pick-up device arranged to derive from 

56 picked-up signals, square waves of substan- 
tially constant amplitude but having a fre- 
quency and phase the same as those of the 
picked-up signal, and a comparison device 
arranged to compare the square waves from 

60 the two channels to provide a measure of 
the torque transmitted by the shaft. 

2. A meter as claimed in Claim 1 includ- 
ing magnetising apparatus capable of per- 



manently mj 

3. A tor^^Penter as daimed in Claim 2 
including a generator for generating a signal 
for permanently magnetismg the elements, 
which generator is driven from the shaft. 

4. A meter as claimed in Claim 2 or 70 
Qaim 3 in which the magnetising apparatus 

is arranged to magnetise both the elements 
according to a sunilar pre-determined pattern. 

5. A meter as claimed m any of the pre- 
ceding claims in which each pick-up device 75 
is part of a combined electro -magnetic mag- 
netising and pick-up device constituting a 
single unit. 

6. A meter as claimed in Claim 5 m wmoh 
the single unit also incorporates de-magnetis- 80 
ing apparatus. 

7. A meter as claimed in any of the pre- 
ceding claims in which the or each magnet- 
isable element is m the form of a strip, layer, 

or wire of a magnetisable material. 85 

8. A meter as clahned m. any of the pre- 
ceding claims in which each magnetisable 
element is secured to the shaft. 

g A meter as claimed in Claim 8 in which 
a part of the shaft is of a magnetisable 90 
material, and in which each magnetisable 
element is miagnetioally insulated from that 
part of the shaft. 

10. A meter as claimed in any preceding 
clahn in which the magnetisable element is 95 
in the form of a sprayed-on layer on the shaft 

or on a support carried by the shaft. 

11. A meter as claimed in any of the 
preceding claims in which each element is 
magnetised in a sinusoidal pattern. 100 

12. A torquementer as claimed in any 
preceding claim in which the comparison 
device comprises a bridge network of im- 
pedances to opposite comers of which the 
two signal channels ace connected and across 105 
the other two comers of which the comparison 
device is connected, 

13. A meter as claimed in any of the 
preceding claims includmg means for control- 
hng the roation of the shaft member in 110 
dependence upon the output of the com- 
parison device. 

14. A multiple torquementer sensitive to 
the torsional twist in two different portions 
in a rotating member, and comprising two 115 
.torquemeters each as claimed m any of the 
preceding claims and in which one of the 
magnetised elements is common to both the 
torquementers. 

16. A torquemeter oonstmcted and IM 
arranged substantially as described herein 
with reference to Figure 1 or to Figure 2 of 
the accompanying dra\\ings. 
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